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Atmospheric correction in ocean-color remote sensing corrects more than 90% of signals in the visible
contributed from the atmosphere measured at satellite altitude. The Sea-viewing Wide Field-of-view
Sensor (SeaWiFS) atmospheric correction uses radiances measured at two near-infrared wavelengths
centered at 765 and 865 nm to estimate the atmospheric contribution and extrapolate it into the visible
range. However, the SeaWiFS 765-nm band, which covers 745-785 nm, completely encompasses the
oxygen A-band absorption. The 0, A-band absorption usually reduces more than lo-15% of the mea-
sured radiance at the SeaWiFS 765-nm band. Ding and Gordon [Appl. Opt. 34, 20682080 (1995)]
proposed a numerical scheme to remove the 0, A-band absorption effects from the atmospheric correc-
tion. This scheme has been implemented in the SeaWiFS ocean-color imagery data-processing system.
I present results that demonstrate a method to validate the SeaWiFS 765-nm 0, A-band absorption
correction by analyzing the sensor-measured radiances at 765 and 865 nm taken looking at the clouds
over the oceans. SeaWiFS is usually not saturated with cloudy scenes because of its bilinear gain design.
Because the optical and radiative properties of water clouds are nearly independent of the wavelengths
ranging from 400 to 865 nm, the sensor-measured radiances above the cloud at the two near-infrared
wavelengths are comparable. The retrieved cloud optical thicknesses from the SeaWiFS band 7 mea-
surements are compared for cases with and without the 0, A-band absorption corrections and from the
band 8 measurements. The results show that, for air-mass values of 2-5, the current SeaWiFS 0,
A-band absorption correction works reasonably well. The validation method is potentially applicable for
in-orbit relative calibration for SeaWiFS and other satellite sensors.

OCIS codes: 010.1290, 010.4450, 030.5620, 280.0280.

1. Introduction

The atmospheric correction of the Sea-Viewing Wide
Field-of-View Sensor1 (SeaWiFS) uses two near-
infrared (NIR) bands (765 and 865 nm), where the
ocean can usually be considered as a black surface, to
estimate the atmospheric effect and extrapolate it
into the visible.2J The Gordon-Wang atmospheric-
correction algorithm assumes that, when both the
ozone and the water-vapor absorptions are removed,
the ocean-atmosphere system is composed of air mol-
ecules (Rayleigh scattering) and aerosols bounded by
a Fresnel-reflecting ocean surface. However, the
SeaWiFS 765nm band, which covers 745-785 nm,
completely encompasses the oxygen A-band absorp-
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tion. The 0, A-band absorption reduces more than
lo-15%  of the SeaWiFS measured radiance at 765
nm. It is therefore crucial to remove the 0, A-band
absorption effects accurately at SeaWiFS band 7 be-
fore the Gordon-Wang algorithm can be applied to
the SeaWiFS imagery. Accuracy in correcting the
0, absorption effects at SeaWiFS band 7 directly af-
fects the accuracy of the retrieved ocean optical and
biological products.

Ding and Gordon4 proposed a numerical scheme,
which has been implemented in the SeaWiFS imag-
ery data process, to remove the 0, A-band absorption
effects on the SeaWiFS atmospheric correction. In
this paper I present results that demonstrate a vali-
dation study for SeaWiFS band 7 O2 A-band absorp-
tion correction by analyzing the sensor-measured
radiances at the two NIR bands looking at the cloudy
scenes. First I briefly review the proposed 0,
A-band absorption correction and its implementation
into the SeaWiFS imagery data processing system.
Next I describe the SeaWiFS bilinear gain design in
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which SeaWiFS is usually not saturated with the
cloudy scenes and discuss cloud optical thickness re-
trieval with the SeaWiFS measurements. Finally, I
demonstrate a validation scheme by comparing the
cloud optical thickness retrieved from the SeaWiFS
765-nm  radiance for cases both with and without the
0, A-band absorption corrections and from 865-nm
measurements. The O2 A-band absorption correc-
tion values that are derived from the SeaWiFS cloudy
scenes are then compared with the Ding-Gordon re-
sults that are used in the SeaWiFS atmospheric cor-
rections.

2. Proposed 0, A-band Absorption-Correction
Scheme

Let us define the reflectance p = &,/l.@,, where L is
the radiance in the given viewing direction, F, is the
extraterrestrial solar irradiance, and ~~ is the cosine
of the solar zenith angle. The total reflectance mea-
sured at the top of the ocean-atmosphere system can
be written as

(1)

where p,(A) is the reflectance that results from mul-
tiple scattering by air molecules (Rayleigh scattering)
in the absence of aerosols; p,(A) is the reflectance that
results from multiple scattering by aerosols in the
absence of air; p,,(A) is a multiple interaction term
between molecules and aerosols; p,,(A) is the reflec-
tance at the sea surface that arises from sunlight and
skylight reflecting from whitecaps on the surface; and
p,(A) is the water-leaving reflectance, which is a de-
sired quantity in ocean-color remote sensing. t(A) is
the atmospheric diffuse transmittance5 that accounts
for the effects of propagating water-leaving and
whitecap reflectances from the sea surface to the top
of the atmosphere. In Eq. (1) the surface Sun glitter
term has been ignored because it has to be avoided in
the atmospheric correction. The influence of white-
caps on the imagery can be estimated from an esti-
mation of the surface wind speed.6 The goal of the
atmospheric correction is to retrieve the water-
leaving reflectance p,(A) accurately from spectral and
angular measurements of reflectance p,(A) at the sat-
ellite altitude. For SeaWiFS’s  two NIR channels,
because p,(A) is usually negligible, Eq. (1) can be
rewritten as

pth) - p,(A)  - t(A)pw,(A) = p,(A) + P,,(A). (2)

Therefore the effects of aerosols and Rayleigh-
aerosol interactions p,(A) + p,(A) on the imagery can
be estimated at the two NIR bands from sensor-
measured radiances, the computed Rayleigh  scatter-
ing reflectances, and the estimated whitecap
contributions. This quantity is then extrapolated
and removed in the visible. Obviously, to correct the
atmospheric effects in the visible accurately it is im-
portant first to estimate accurately the effects of p,(A)
+ p,,(A) at the two NIR bands.
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Fig. 1. SeaWiFS 0, A-band absorption correction function P(M)
as a function of air mass M for air molecules and aerosols. Re-
drawn from the results of Ding and Gordon.4

In studies of the effects of O2 A-band absorption on
atmospheric correction of ocean-color imagery, Ding
and Gordon4 and Fraser7 found that the O2 A-band
absorption affects more than lo-15%  of SeaWiFS
band 7; i.e., the sensor-measured radiance at Sea-
WiFS  band 7 was reduced by more than lo-15%
because of the absorption. Following the Ding-
Gordon notations, we define, at SeaWiFS band 7, the
reflectances of aerosols and the Rayleigh-aerosol in-
teractions as

PA’@)  = p,‘(A)  + P,'(A),  PA(~) = P,(A) + p,(k), (3)

where pA' and pA are, respectively, reflectance with
and without the 0, A-band absorption present. Be-
cause implementation of the SeaWiFS atmospheric
correction was achieved through the use of lookup
tables for p,(A) + p,(A) for different aerosol optical
properties (12 aerosol models with various optical
thicknesses) and various solar and viewing geome-
tries at the SeaWiFS 8 spectral bands, correction of
the 0, A-band absorption at SeaWiFS band 7 is in
effect an effort to find a relationship between pA and
PA’, i.e., to recover the value of pA from PA’. Through
a series of radiative transfer simulations, Ding and
Gordon developed a numerical method to correct the
O2 A-band absorption. First, because Rayleigh  scat-
tering is well understood, the relationship between pr
and pr' was obtained as a numerical fitting, in which
pr' was related to pr through a power function of air
mass M, defined as M = l/cos 8, + l/cos 8, where 8,
and 0 are, respectively, the solar and sensor zenith
angles. Next, PA’ was computed from sensor-
measured pt' and pr' estimated from Eqs. (3). Fi-
nally, by use of a realistic aerosol profile, pA was
related to PA’ by numerical fitting. Ding and Gor-
don4 found that both pr and pA can be related to pr'
and PA’ as a function of M as

Pr,A  = [l + lopr~A’ICn],$A,

where P, A(M)  is a fitting function of air mass M for
the Rayleigh  (r) and aerosol (A) components. Figure
1 shows the redrawn O,-correction function p,,,(M)
from Ding and Gordon as a function of air mass M
from 2 to 5 for both the Rayleigh  and the aerosol
components. Through the simulations Ding and
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Gordon concluded that for the Rayleigh  scattering
component Eq. (4) is accurate to within -0.2%,
whereas for the pA term, although the accuracy of Eq.
(4) depends on the aerosol model profile, the error is
usually within l-2% for M I 5. Inasmuch as the
Rayleigh  scattering is well known and can be pre-
dicted accurately, validation of the oxygen A-band
absorption correction at SeaWiFS band 7 in effect
validates the accuracy of Eq. (4) for the relationship
between pA and PA’. Note that the correction func-
tion p,,,(M) is a function only of air mass (M) and is
independent of the concentration of either air mole-
cules or aerosols. Therefore the function PA(M)  is
applicable to a water cloud composed of particles of
water droplets.

The implementation of the band 7 0, A-band ab-
sorption correction in the SeaWiFS data-processing
system is straightforward. With both precalculated
functions of p,(M)  and pA(w  for various  M vahes,
the SeaWiFS band 7 p,(A) + p,(A) value can be com-
puted from Eqs. (3) and (4). Both bands 7 and 8
p,(A) + p,(A) values can then be used to correct the
atmospheric effects in the visible by use of the
Gordon-Wang atmospheric correction algorithm.

3. Validation Study of Eq. (4) from SeaWiFS Cloudy
Scenes

In this section I first briefly describe the SeaWiFS
bilinear gain design in which SeaWiFS is usually not
saturated for cloudy scenes while it retains its high
sensitivity for the ocean color measurements. Then
the cloud optical thickness retrievals by use of the
SeaWiFS measurements is discussed, and a compar-
ison is made of results for retrieved cloud optical
thickness from the SeaWiFS bands 7 and 8 measure-
ments in validating the SeaWiFS O2 A-band absorp-
tion correction. Finally, the O2 A-band absorption
correction factors are derived by comparison of the
SeaWiFS bands 7 and 8 measurements made toward
the cloudy scenes.

A. SeaWiFS Bilinear Gain Design

I

The SeaWiFS was designed as a bilinear gain instru-
ment for the large dynamic response range so it could
measure cloud radiance. The initial reason for
adopting the bilinear gain design was that with it the
instrument could perform a postlaunch correction for
the sensor stray-light contamination by the clouds.8
Figure 2 shows the relationship between radiance
and digital counts of the sensor response function for
SeaWiFS spectral bands 2 (443 nm), 6 (670 nm), 7
(765 nm), and 8 (865 nm). The SeaWiFS’s  other
spectral bands have similar response functions.
SeaWiFS uses 10 bits digitized for the eight spectral
channels, and each channel’s output ranges from 0 to
1023 counts. As shown in Fig. 2, whereas the Sea-
WiFS maintains very high sensitivity at low radiance
levels (approximately the first 800 counts) for the
ocean-color measurements, it is usually not saturated
for the cloudy scenes because of its low sensitivity to
the high radiance level.

+ Band 2 (443 nm)
-if Band 6 (670 nm)

F,,,  ,,,/,,,I/,,,
i

1

0 200 400 600 800 1000

Counts

Fig. 2. SeaWiFS bilinear gain response function for SeaWiFS
channels 443,670,765, and 865 nm.

B. Relationship between Cloud Top Reflectance and
Cloud Optical Thickness

In the remote retrieval of cloud microphysical, opti-
cal, and radiative properties from aircraft or satellite
sensors the sensor-measured radiance at wave-
lengths ranging from 400 to 865 nm is primarily a
function of cloud optical thickness, whereas the long
NIR radiances (e.g., 1.6, 2.1, and 3.7 pm) are sensi-
tive both to optical thickness and, especially, to cloud
water-droplet size.+11 The sensor-measured radi-
ance at the visible band can therefore be used to refer
to the cloud optical thickness, whereas the long NIR
radiances can be used to retrieve the cloud water-
droplet size. The scattering of cloud water droplets
has a Mie scattering character, and its optical prop-
erties are nearly independent of the visible wave-
length. At wavelengths ranging from 400 to 865 nm
the cloud water droplet is nearly nonabsorbing (pure
scattering), and its scattering phase function is char-
acteristically strongly peaked in the forward direc-
tion. Figure 3 illustrates the water cloud scattering
phase functions for SeaWiFS wavelengths 412, 670,
and 865 nm with an effective particle radius of 8 km.
Figure 3 shows that the water cloud scattering phase
functions are similar for wavelengths ranging from
412 to 865 nm.

To understand the relationship between the mea-

Water Cloud re = 8 pm

- 412nm

- 670 nm- -

10-z  I / , -, ,.

0 20 40 60 80 100 120 140 160 160

Scattering Angle (0)

Fig. 3. Water cloud scattering phase function as a function of
scattering angle at SeaWiFS wavelengths 412, 670, and 865 nm.
The water cloud is assumed to have an effective particle radius of
8 km.
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Fig. 4. Cloud top reflectance as a function of cloud optical thick-
ness for SeaWiFS wavelengths 670, 765, and 865 nm for a solar
zenith angle of 60”,  viewing angles of 0” (center) and 45” (edge), and
relative azimuthal angle of 90”.

sured cloud top reflectance and the cloud optical
thickness at the various SeaWiFS spectral bands, I
carried out simulations for a one-layer water cloud
overlying a flat ocean surface for various cloud optical
thicknesses and different solar and viewing geome-
tries. Figure 4 provides an example of results for
measured reflectance as a function of cloud optical
thickness for SeaWiFS wavelengths of 670, 765, and
865 nm, solar zenith angle of 0, = 60”,  viewing angles
of 0” (center) and 45” (edge), and relative azimuthal
angle of A+ = 90”. Note that, in computing the cloud
top reflectance for SeaWiFS band 7, it was assumed
that the 0, A-band absorption was not present. It is
obvious from Fig. 4 that, for a given cloud optical
thickness and solar and viewing geometry, the mea-
sured reflectance at the cloud top is nearly indepen-
dent of the wavelength; i.e., the cloud top reflectance
is almost identical for SeaWiFS bands 6-8. There-
fore one would expect that, if there were no 0, A-band
absorption at SeaWiFS band 7, the retrieved cloud
optical thickness from measurements of SeaWiFS
bands 7 and 8 would be comparable. By comparing
the retrieved cloud optical thickness from the Sea-
WiFS  measurements at band 7 with the 0, A-band
absorption removed and the band 8 measurements,
one can study the efficacy of the SeaWiFS band 7 0,
A-band absorption-correction algorithm.

C. Cloud Optical Thickness Retrieval from SeaWiFS
Bands 7 and 8 Measurements

I implemented a cloud optical thickness retrieval al-
gorithm of Nakajima and King,11  using the SeaWiFS
measured radiances at bands 7 and 8. This cloud
retrieval algorithm was used in studying the Ray-
leigh scattering effects in cloud optical thickness re-
trievals.12  Briefly, the relationship between cloud
top reflectance and cloud optical thickness as in Fig.
4 was first generated as lookup tables for a fixed
effective water droplet size (r, = 8 km), various cloud
optical thicknesses TV, different solar and viewing ge-
ometries, and at SeaWiFS spectral bands 7 (765 nm)
and 8 (865 nm). After correction of the Rayleigh
scattering effects, the SeaWiFS measured radiances

Table 1. Comparison of Four Cases of Acquired SeaWiFS Cloudy
Imagery

Case

(4
(b)

I:

Date Acquired Data Size
(1997) (Pixel X Scan)

4 September 1285 x 2200
26 September 1285 x 440
3 October 1285 x 360

11 October 1285 x 3420

Location
(Longitude,
Latitude)

-6O”, 36”
165”, -52”
195”, 23”
-54”, 40”

at bands 7 and 8 can then be converted into cloud
optical thickness through comparisons with the pre-
calculated lookup radiance library. As discussed by
Wang and King, 12 the Rayleigh  scattering effects in
the cloud optical thickness retrievals at SeaWiFS
band 8 is usually negligible, whereas at band 7 it is
usually small. Therefore the Rayleigh  scattering ef-
fects on SeaWiFS band 7 can be removed by use of the
single-scattering approximation.

To assess effects of the O2 A-band absorption in the
SeaWiFS band 7, we can compute the cloud optical
thickness from the SeaWiFS band 7 measurements
in two ways: with and without 0, A-band absorp-
tion removed at the band 7. For a cloudy scene we
can rewrite Eqs. (3) for SeaWiFS band 7 as

PC’(A)  = P,‘(A) - Pr’N, PCN = Pth> - Pm, (5)

where pc’ and pc are, respectively, cloud top reflec-
tance with and without the 0, A-band absorption
present for SeaWiFS wavelength 765 nm. The re-
flectance values of pcf and pc are then converted into
cloud optical thicknesses ~~‘(765) and ~,(765), respec-
tively, through comparisons with the lookup tables.
On the other hand, the SeaWiFS measured radiance
at band 8 can be converted into cloud optical thick-
ness ~~(865)  by the Nakajima-King cloud retrieval
algorithm.11 Note that by using Eqs. (5) in deriving
the cloud optical thickness from the SeaWiFS mea-
surements we implicitly assume that the effects of
radiance contributed by scattering the Rayleigh-
cloud interactions on the retrieved cloud optical
thickness are negligible for SeaWiFS band 7.

SeaWiFS cloud optical thickness retrievals were
performed for four images acquired during a period in
September and October of 1997 at various locations
over the ocean. Table 1 lists acquired dates, loca-
tions, and data sizes for these four images. Figure 5
shows SeaWiFS band 8 radiance images obtained on
4 and 8 September and 3 and 11 October 1997. The
figure includes scans of 2200, 440, 360, and 3420,
respectively, with 1285 pixels for each scan. Note
that for all the results presented in this paper the
SeaWiFS preflight calibration coefficients were used
in generating the SeaWiFS measured radiances.
Cloud optical thickness was retrieved by use of the
SeaWiFS band 7 measurements both with and with-
out the 0, A-band absorption corrections and from
the band 8 measurements. Figure 6 shows the
probability-distribution function (PDF; %) of the re-
trieved cloud optical thickness for various retrievals
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Fig. 5. SeaWiFS band 8 (865-nm)  radiance images acquired in 1997 on (a) 4 September, (b) 26 September, (c) 3 October, and (d) 11
October.

obtained by use of the SeaWiFS measurements
shown in Fig. 5. Figures 6(a), 6(b), 6(c), and 6(d)
include total retrieved cloud optical thickness data of
2.1 X 105,  6.9 X 104,  3.3 X 104,  and 3.0 X 105,  re-
spectively, for each curve. In generating the PDF
curves in Fig. 6 I used data for which the retrieved
cloud optical thickness was 2 5 ~~(865)  5 6, i.e., the
thin water clouds for reasons of high sensitivity to 7,
variations and for confined low-level water clouds
corresponding to a similar profile used by Ding and
Gordon.4 The SeaWiFs  retrieved cloud optical
thicknesses at the blue were compared with the
865-nm band to identify the low-level water clouds. In
this comparison, the larger the difference between
the blue and the 865-nm  bands, the larger the Ray-
leigh scattering contributions were above the clouds
and the lower the cloud level. Figure 6 shows that
the shapes of the PDF’s are similar for all three re-
trievals. However, there is clear evidence indicating
that the O2 A-band absorption at 765 nm leads to
underestimates of the cloud optical thickness, as ex-
pected. Results at both 765 nm with the 0, A-band
absorption correction and at 865 nm for all four cases
are really identical, indicating that the O2 A-band
absorption-correction algorithm worked quite well,
whereas the retrievals at 765 nm without the 0,
A-band absorption corrections shifted toward the
smaller values of the cloud optical thickness.

To evaluate the accuracy of the 0, A-band absorp-

tion correction, we calculate the difference of the re-
trieved cloud optical thicknesses between band 7 with
and without the 0, A-band absorption corrections
and the band 8 results. We define

A~,‘(765)  = ~~‘(765)  - ~,(865),

A~,(765)  = ~~(765)  - ~~(865)

as the difference in retrieved cloud optical thick-
nesses between SeaWiFS band 7 with and without
the O2 A-band absorption corrections and the band 8
measurements. Figure 7 gives the PDF’s of both
A~,‘(765)  (%) and A~,(765)  (%) computations for the
four cases of the thin clouds [2 I ~~(865)  I 61 shown
in Figs. 5 and 6. The solid curves and the dashed
curves are, respectively, the PDF (%) for A~,‘(765)  (%)
and A~,(765)  (%) computations. Figure 7 shows
that, without the 0, A-band absorption correction,
the retrieved cloud optical thickness at band 7
~~‘(765)  is underestimated by approximately lo-15%
in most cases. When the 0, A-band absorption cor-
rections are used, the difference between ~~(765)  and
~~(865)  is reduced to approximately O-3% in most
cases. The peaks of the PDF’s of the differences for
all four cases were moved from A~,‘(765)  of approxi-
mately - 10 to - 15% to A~,(765)  of -0%. It is obvi-
ous by a comparison of the band 8 and band 7 results
that the accuracy of the retrieved cloud optical thick-
ness at SeaWiFS band 7 improves significantly by
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September 4, 1997 (2.1 x105 retrievals)
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(b) September 26, 1997 (6.9x104 retrievals)

- 71c  (765) (no 0, corr.)

~~ (765) (with 0, corr.)
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Cloud Optical Thickness

(4 October 11, 1997 (3.0x1  O5 retnevals)

__40 - T’~  (765) (no 0, corr.)

5c (765) (with 0, corr.)

Fig. 6. PDF (%) of the retrieved cloud optical thickness for 2 5 ~~(865)  I 6 from the SeaWiFS measurements corresponding to cloudy
scenes obtained on the dates shown. There are three retrievals: SeaWiFS band 7 with and without the 0, A-band absorption corrections
and from band 8 measurements.

addition of the SeaWiFS 0, A-band absorption cor-
rections.

D. Derivation of the Relationship between pc and pc’
from SeaWiFS Measurements

By assuming that the retrieved cloud optical thick-
ness is independent of the SeaWiFS wavelengths at
765 and 865 nm, we can derive the relationship be-
tween pc and pc’ for SeaWiFS band 7 from the bands
7 and 8 measurements. Figure 8 provides the de-
rived P,(M)  values from the four cases of the Sea-
WiFS  cloudy scenes presented in Figs. 5 and 6
compared with the Ding-Gordon results. In gener-
ating Fig. 8 I obtained each point of the P,(M) value,
with the corresponding M value from the SeaWiFS
cloudy scenes, by averaging over all possible values
from the four cases in Figs. 5 and 6 for cloud optical
thicknesses 2 I ~~(865)  5 6. The error bar at each
point is the variation of ?a values from computa-
tions . The solid curve is a least-squares quadratic
fit to the derived P,(M) values. Also, the number of
data points used in the average computations for
each point is plotted in the same figure. For exam-
ple, for M = 2.1 the derived PA(M)  value from aver-
aging over the four SeaWiFS cloud scenes is -0.914
(-0.920 from Ding and Gordon) with variations of u

= kO.130 and a total of -4.1 X lo3 retrievals in this
computation. For M = 5.0 the derived average
P,(M)  value is -0.776 (-0.798 from Ding and Gor-
don) with variations of u = 20.065 and a total of
-3.7 x lo3 data in the computation. However, be-
cause P,(M) is expected to be a smooth function of air
mass M, the least-squares quadratic fitting derived
from these average data is more reasonable. Table 2
lists the values of fitting coefficients for P,(M)  that
were derived from the cloudy scenes and compares
them with the values derived by Ding and Gordon.

To evaluate the accuracy of the P,(M)  and cor-
rected PA values quantitatively we compute the dif-
ferences (%) between the derived and the current
SeaWiFS PA(M)  values and the PA values obtained by
use of the corresponding PA(M) functions for the band
7 O2 A-band absorption correction. Figure 9 pro-
vides these computations. In computing the differ-
ence (%) between derived and SeaWiFS PA(M)  values
I used the derived least-squares fit values (solid curve
in Fig. 8); i.e., the difference between the solid and the
dotted curves in Fig. 8. Figure 9 shows that, for
air-mass values of 2-5, the difference in PA(M)  is
usually within -3%, whereas the difference in PA is
within 1%. Figures 8 and 9 show that, for air-mass
values of 2-5, the derived 0, A-band absorption-
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September 26, 1997 (6.9x1  O4 retrievals)
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Fig. 7. PDF (%) of the differences A~,‘(765)  and A~,(765) (%) in retrieved cloud optical thickness for 2 I ~~(865) I 6 from the SeaWiFS
measurements corresponding to cloudy scenes measured on the dates listed.

J

Including all 4 casea

, ..-..----  Ding & Gordon

- SeaWiFS cloud data (TV  = 2-6) -. i..-.
# of data points

Fig. 8. Derived values of P,(M) from the four cases of SeaWiFS
cloudy scenes compared with values of Ding and Gordon. The
error bar corresponding to each point is the variation of ?a values
from the computation, and the solid curve is a least-squares qua-
dratic fit to the points. The curve for the number of data contrib-
uted to the average computations in the derivation of P,(M) by the
four cases of cloudy scenes is keyed to the right-hand y axis.

correction factors from the SeaWiFS cloudy scenes
agree quite well with the Ding-Gordon values. It is
therefore concluded from these studies that the cur-
rent SeaWiFS oxygen A-band absorption correction
algorithm for the wavelength 765 nm works reason-
ably accurately.

Table 2. Fitting Coefficients for P,(M)  = a, + a,M + +A6 Derived
from Cloudy Scenes Compared with Values from Ding and Gordon

Coefficient
Derived from Ding-Gordon

Cloudy Scenes Valuea

a0 - 1.0531 - 1.0796
al 0.0536 0.0905
a2 -0.0005 - 0.0068

“Ref. 4.

4 I/II,,,,,,,,,,,,,,,,,,,,,,,,,

3 - .,w -.
_ - - -

- 0.
_’ -_

_’ \
\

8 2-
‘1

s
\

t
\

E
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Fig. 9. Differences (%) between the values derived from cloudy
scenes and the current SeaWiFS P,(M) and PA values for the
SeaWiFS band 7 0, A-band absorption corrections.

20 February 1999 / Vol. 38, No. 6 / APPLIED OPTICS 943



4. Conclusions References

Based on the fact that the water cloud optical prop-
erties are nearly independent of wavelengths that
range from 400 to 865 nm, we have evaluated the
accuracy of the SeaWiFS oxygen A-band absorption
corrections algorithm by comparing the retrieved
cloud optical thicknesses from the SeaWiFS band 7
measurements both with and without the oxygen
A-band absorption corrections and from the band 8
measurements. The results show that, with the O2
A-band absorption corrections, the difference in the
retrieved cloud optical thickness between the Sea-
WiFS  band 7 and band 8 measurements was reduced
from a negative value of approximately lo-15%  to
approximately O-3% in most cases. For air-mass
values ranging from 2 to 5, the derived 0, A-band
absorption correction function P,(M)  agreed well
with the values proposed by Ding and Gordon. The
difference between the derived values from the Sea-
WiFS  cloudy scenes and the current SeaWiFS 0,
A-band absorption correction function is usually
within -3%, which leads to a difference in PA within
1% for air-mass values ranging from 2 to 5.

Because the cloud optical properties, in particular,
the water cloud optical depth, are nearly independent
of the SeaWiFS wavelengths from 412 to 865 nm it is
possible to monitor the temporal variation of the sen-
sor performance for the eight SeaWiFS spectral chan-
nels by comparing sensor-measured radiance over
cloudy scenes within the bands. This technique for
monitoring sensor performance, however, is relative;
i.e., it does not provide any information regarding the
absolute accuracy of the SeaWiFS channels. The
validation method is also potentially applicable for
in-orbit relative calibration for SeaWiFS and other
satellite sensors.
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